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Abstract. Hydrological assessment aimed to estimate the annual volume of rainwater 
runoff - product of precipitation and the impervious surfaces in the urban sites studied and 
appreciate the quality and quality of rainwater runoff associated with the variation of the site 
characteristics, especially the variation of the impermeable surfaces. For the hydrological 
assessment have been selected four different sites in terms of land use. The research took place in 
2012-2014. For the pollutant loading of the stormwater runoff was used The Simple Method. This 
method required a particular type of data: the surface of studied area, the percentage of impervious 
cover, the annual amount of precipitation and concentrations of pollutants in stormwater runoff. For 
statistical analysis was used SSPSS Statistics 17.0 software. The results show that the land use type 
and the activities specifics for a certain area have a large influence over the pollutants loads of the 
annual stormwater runoff.  The pollutants loads of the stormwater runoff form industrial area have 
the highest values for the following chemical constituents: total nitrogen total phosphorus, total iron. 
The Simple Method offers rapid analyses that not require a large a large amount of data. The 
hydrological assessment of the areas, conducted by application of this method, enables outlining 
some management strategies for rainwater runoff through bioretention. Suspended solids present 
high values for all analysed areas, particularly in the industrial and high density residential area. 
Due to the fact that most pollutants are associated with the particles, the most worrying are the 
values of suspended solids. 
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INTRODUCTION 
 
In the implementation of sustainable techniques (bioretention cells, in this case) 
must be considered the whole range of factors that influence the degree of negative impact 
on the hydrology of different regions. All regions in Romania are affected by urban 
development. The difference between these regions will be made in the future, by the 
importance given to implementation of some environmentally friendly systems. The 
difference between Romania and other countries (USA, Norway, Denmark, England, 
Germany, etc.) lies in the fact that these have taken into consideration that the pollution 
from stormwater runoff (especially in urban areas) cannot be neglected and is a major 
factor of the environment pollution (Gibb, et al., 1991; Pitt, 1998; Brezonik and 
Stadelmann, 2002; Shumin Wang et al., 2013). More countries develop and apply 
bioretention systems, performant, with minimal environmental impact. Effectiveness and 
quality of these systems have been proven scientifically through research and studies 
carried out since 1990, when Prince George's County has examined initially the motivation 
of developing such systems (PGC, 2007, 1997; Cosgrove and, Bergstrom, 2004; Yu et al., 
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1999; Dietz and Clausen, 2005; Hunt et al., 2006; Ermilio and Traver, 2006; Clar et al., 
2007). Stormwater runoff involves the interaction of a number of phenomena. A rigorous 
analysis of the runoff results from a given rainfall event includes numerous and complex 
computations.The purpose of the research presented in this paper was to assess from 
hydrological point of view four different urban sites in terms of the land use in Cluj-
Napoca. One such study was necessary due to insufficient data on the conditions of 
implementation of bioretention systems in the urban environments of Romania. Even if in 
the hydrological assessment can be used software and complex methods (Hydrologic 
Simulation Program – FORTRAN – HSPF, Storm Water Management Model - SWMM, 
HEC-1, TR-55/TR-20, HydroCAD) (Bicknell et al., 1984; Booth and Jackson, 1997; 
Quansah, 2007; USEPA, 1991) the work and time to establish the preliminary data is not 
justified in most of the cases. Thus, simplified or approximate methods based on empirical 
relationship, have been and are currently used in urban hydrology. 
 
MATERIAL AND METHOD 
 
In the research of implementation conditions of bioretention cells in Cluj-Napoca, 
the hydrological assessment was performed using an empirical method. Although the 
chosen method is simple, the calculations were based on data from a careful research 
process of existing conditions in the order to obtain the necessary information. The 
hydrological assessment aimed mainly estimate the annual volume of the stormwater 
runoff - product of precipitations and of impervious surfaces in the studied urban sites and 
to appreciate the quality and quality of stormwater runoff associated with the variation of 
the sites characteristics, especially the variation of the impervious surface. In the 
hydrological assessment were used: climate data specific to Cluj-Napoca, the results 
concerning the evolution of impervious surfaces in different sites in terms of the land use 
in Cluj-Napoca (Pop-Boancă et al., 2012); results on the area available for implementation 
of bioretention cells; data obtained by determining the degree of pollution of stormwater 
runoff, data on the assessment of pollution sources; data obtained by determining the 
degree of permeability and of soil structure (Dumitraş et al., 2013) and, data regarding the 
degree of the soil compaction from the sites included in experiment. All these results have 
been necessary in the hydrological assessment for a proper characterization of the urban 
conditions existing in Cluj-Napoca, in order to obtain efficient bioretention cells models 
according local or regional conditions. The used method of calculation was The Simple 
Method (Schueler, 1987, 1999; Center for Watershed Protection, 2006) – method that 
estimates the pollutants load of the stormwater runoff from urban area. This technique is 
recommended by NHDES (New Hampshire Department of Environmental Services, 2008) 
due to the fact that requires a modest amount of information, information that include  the 
surface of the studied area, the percentage of impervious surface, annual quantity of 
precipitation and the pollutants concentrations in stormwater runoff. For the statistical 
analysis have been used SSPSS statistics 17.0. 
The calculation of the chemical constituents. The Simple Method estimates 
pollutant loads for chemical constituents as a product of annual runoff volume and 
pollutant concentration, as:  
L = 0,226 * R * C * A, where: L = Annual load (lbs); R = Annual runoff (inches); 
C = Pollutant concentration (mg/l); A = Area (acres); 0,226 = Unit conversion factor (New 
York State Stormwater Management Design Manual, 2010). 
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The calculation of the annual runoff. The Simple Method calculates annual 
runoff as a product of annual runoff volume, and a runoff coefficient (Rv). Runoff volume 
is calculated as:  
R = P * Pj * Rv, where: R = Annual runoff (mm); P = Annual rainfall (mm); Pj = 
Fraction of annual rainfall events that produce runoff (usually 0,9); Rv = Runoff 
coefficient(New York State Stormwater Management Design Manual, 2010). 
The calculation of the runoff coefficient. In the Simple Method, the runoff 
coefficient is calculated based on impervious cover in the subwatershed. The runoff 
coefficient is calculated as:  
Rv = 0,05 + 0,9Ia, where: Rv = Runoff coefficient, Ia = Impervious fraction (New 
York State Stormwater Management Design Manual, 2010).  Data specific to each studied 
site were used. Because the formulas of The Simple Method are not structured for the 
metric system, the calculations have been performed using the measurement units used in 
this method, subsequently making the conversion to the metric system. 
 
RESULTS AND DISCUSSION 
 
Given that were selected equal areas in each zone for a proper assessment 
(industrial, commercial, low density residential and high density residential) - hereinafter 
referred to sub-areas - the degree of coverage with impervious surface resulting from 
calculations in a three sub-areas (high density residential, low density residential and 
commercial) were very similar: 53% and 56%. Have resulted the following runoff 
coefficients: low-density residential area: runoff coefficient Rv = 0,52; high density 
residential area: runoff coefficient Rv = 0,55; industrial area: runoff coefficient Rv = 0,79; 
commercial area: runoff coefficient Rv = 0,52. Runoff coefficient depends on the nature of 
the soil, topography and characteristics of the coverage. Because in urban areas the 
primary influence on the discharge coefficient has the degree of coverage with impervious 
surface, the calculations were performed according to the percentage of impervious surface 
of the studied sites. In figure 1 is observed the relationship between the impervious surface 
and the runoff coefficient. Runoff coefficient is the report of the runoff to the amount of 
precipitation. Even if in the runoff coefficient calculation there are several variables, in 
accordance with other calculation method, the percentage of impervious surfaces is the 
variable with primary influence. The value of the runoff coefficient increases with the 
percentage of impervious surface of an urban area (Fig. 1.). 
 
 
 
 
 
 
 
 
Fig. 1. Runoff coefficient and impervious cover relation  
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In the calculation of annual runoff was utilized the average of annual 
precipitations, from the years 2002-2011. The value obtained was 617,844 mm. In order to 
eliminate the errors of application of The Simple Method using the metric system 
calculations have been performed the calculation both in inches and in millimetres. 
Verification was made using the conversion. The results obtained were similar. The simple 
method can be applied using the metric system without the risk of calculation errors. Using 
the runoff coefficients obtained for each area was obtained the following values for the 
annual runoff (mm) (Table 1.):  
Table 1 
Annual stormwater runoff 
 
Figure 2 shows the relationship between runoff coefficient, the percentage of 
imperviousness and stormwater runoff from the four studied sites. It is observed that the 
industrial zone produces the greatest amount of stormwater runoff due to the high 
percentage of impervious cover. Stormwater runoff is closely related to the percentage of 
impervious surface and runoff coefficient. 
We specify that The Simple Method calculation of runoff coefficient does not take 
into account the specifics of each impervious surfaces (asphalt, roof, metal, porous 
pavement, etc.) but provides an overview of the correct amount of pluvial drainage 
produced in some urban sites different in terms of land use. In the detailed analysis of the 
areas is taken into account the type of impervious surfaces (roof, streets, types of 
pavements, etc.). Runoff coefficient is different for each type of impervious cover. 
 
 
 
 
 
 
 
 
Fig. 2. Runoff coefficient - impervious cover - runoff relation  
Figures 3 and 4 present the estimates of the regression curves of annual rainwater 
runoff and runoff coefficient. Were used three types of curves: linear, growth and 
exponential. Is observed according to the regression curve that the annual stormwater 
runoff and runoff coefficient increases with the impervious surface. The results of the 
pollutant loads for the chemical constituents as a product of the annual volume of the 
runoff and pollutants concentration are presented in Table 2. Loads were calculated for the 
Area Annual runoff (mm) Annual runoff (inch) 
Commercial 289,15 11,38 
High density residential 305,832 12,02 
Low density residential 294,711 11,60 
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following constituents: total phosphorus, total nitrogen, lead, iron, total suspended solids, 
biochemical oxygen demand, and chemical oxygen demand. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Regression curve estimation - runoff coefficient  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Regression curve estimation – annual runoff 
The data in the Table 2 gives an overview of the magnitude of pollutant loading of 
urban stormwater runoff and of the export of pollutants into the environment. The 
calculation of the pollutants load of the annual runoff show large amounts especially 
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regarding the export of suspended solids, chemical oxygen demand, biochemical oxygen 
demand and total nitrogen.  
Regarding the influence of impervious surfaces, land-use patterns and the amount 
of annual stormwater runoff, the results show that the pollutants load is closely related to 
these three variables - pollutant load increases with the amount of impervious surface and 
runoff volume. The influence of the land use emerges from the concentrations of chemical 
constituents, the highest values being recorded in the high density residential area and 
industrial area. 
 
Table 2 
Annual pollutant loads for study areas 
Annual Pollutant Load (kg/ha/year) 
Chemical constituents 
Area 
Commercial High density 
residential 
Low density 
residential 
Industrial 
Total nitrogen 4,119 5,68 3,45 6,54 
Total phosphorus 0,05 0,29 0,049 0,49 
Lead 0,05 0,39 0,049 0,07 
Total iron 0,21 3,05 0,86 3,21 
Suspended solids  352,71 4066 361,26 6006,29 
Biochemical oxygen demand 9,95 12,10 20,64 109,241 
Chemical oxygen demand  235,02 665,54 148,64 2681,70 
 
Figures 5, 6 show the relationship between pollutant loads of annual stormwater 
runoff and the impervious percentage of the studied areas. Figure 5 shows the variation of 
pollutants load with of the annual rainfall runoff depending on the land use. 
 
 
 
 
 
 
Fig. 5. Annual runoff total nitrogen load related with impervious cover percent  
 
 
 
 
 
Fig. 6. Annual runoff suspended solids load related with impervious cover percent  
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The results show that the land use and the specific activities of certain areas have a 
big influence on pollutants load of the annual runoff. Pollutants loads of the annual runoff 
in the industrial area have the highest values for the following chemical constituents: total 
nitrogen, total phosphorus, and total iron (Fig. 7). 
 
 
 
 
 
 
 
 
 
Fig. 7. Pollutant load variation according to the land use 
Discussion. The Simple Method provides a reasonable estimate of the changes in 
the export of pollutants resulting from urban development activities. However, should be 
considered several limitations involved by the application of this method. The Simple 
Method is suitable for the evaluating and comparing the relative changes of pollutant load 
of different types of land use and also for the stormwater runoff management scenarios.  
The Simple Method provides an estimation of the pollutants export close to real 
but unknown values of a site, basin or sub-basin. Simple method is not suitable to evaluate 
scenarios for relatively similar developments (close impervious surfaces degree). Even if 
two investigated sub-areas (slow-density residential area and high-density residential area) 
have an impervious coverage relatively similar, 53%, the concentrations of pollutants in 
stormwater runoff varies. Thus, in the order to compare the two sub-areas, they were 
evaluated separately. 
 
 
CONCLUSIONS 
 
The Simple Method provides a rapid analysis that does not require a large amount 
of data. Hydrological assessment of areas obtained by this method enables the shaping of 
the management strategies for stormwater runoff by bioretention. The industrial area is the 
most affected in terms of quality and quantity of stormwater runoff, but the rest of the area 
(commercial, high density residential and low density residential) should not be neglected 
in terms of negative environmental implications - these being representative exporters of 
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assessment that allows the formation of a correct perception of the stormwater runoff 
negative implications on the environment. The conclusion that emerges from the data 
analysis is that annual pollutant loads of stormwater runoff in the analysed sites pose a 
problem for the environment of Cluj-Napoca. 
Suspended solids show high values for all analysed areas, particularly in the 
industrial and high density residential area. Due to the fact that most of pollutants are 
associated with the particles, the main concerns are the values of suspended solids. One of 
the treatment requirements for the bioretention cells is the removal of the 80% of 
suspended solids. The bioretention cells offer a 100% disposal of suspended solids 
contained in the stormwater runoff captured and most of the suspended solids due to 
sedimentation, from the overflow. Certain pollutants cannot be completely removed from 
the stormwater discharged from the bottom of the bioretention facilities. To prevent 
contamination of groundwater is essential to stop the penetration of these pollutants in the 
bioretention cell, unless it is designed to provide their disposal. One of the simplest 
approaches is to address the treatment of the entire quantity of runoff either from a single 
event either from the percentage of average annual volume. In the case of bioretention, the 
volume to be treated is considered to be the volume of the runoff filtrate through the 
bioretention cell rooting zone. Due to the complex functions of bioretention cells and the 
ability to reduce pollutant loadings we recommend their use. 
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